In the present study, 135 cm and 125 cm sediment cores were collected from Yedayanthittu estuary at a water depth of 1 m to infer the provenance and paleoweathering conditions of the source rocks. The core samples were carbon-dated and analyzed for calcium carbonate, organic matter, and major oxides to decipher the sea level changes, source area weathering, and provenance. The calcium carbonate is chiefly derived from terrestrial and coastal input into the mangrove ecosystem, and the rapid increase of calcium carbonate percentage at certain levels of the cores is due to enrichment of shell fragment. The organic matter content of the sediments is mostly derived from terrestrial input and mangrove debris. Geochronological studies indicate that the sediments deposited during early Holocene period with an average sedimentation rate of 0.015 cm/y −1 . The 14 C dates and Holocene sea level curve suggest the gradual and slow sea level rise along the study area. The chemical index of alteration (CIA), plagioclage index of alteration (PIA), and A-CN-K diagram reveal that the source rocks were subjected from low to moderate intensity of chemical weathering. The index of chemical variability (ICV) values indicates that the sediments are immature to moderately mature in nature. Major oxide concentrations of core sediments indicate that they were derived mainly from recycled felsic source rocks.
Introduction
The coastal zone is characterized by a variety of landforms out of which estuaries have received considerable attention due to large land and sea interaction mechanisms (Bianchi 2007; Buddemeier et al. 2008) . Estuaries receive interchanging water flow that comprised of mixing of seawater and fresh-water and facilitate deposition of a large amount of the suspended load to the sediments (Yuan et al. 2014) . The geochemical composition of recent sediment deposits depends mainly on geological, biological, and climatic factors affecting the weathering of both source rocks and soils (Nesbitt et al. 1996; Formoso 2006) . Geochemical investigations based on the chemical analysis of active stream sediments are an effective tool with multiple applications (Grunsky et al. 2009 ). Such geochemical surveys were initially used as an exploration tool; however, their application has now evolved into a more extensive technique, particularly for environmental studies (Ranasinghe et al. 2008; Grunsky et al. 2009 ). The chemical composition of sediments and clastic sedimentary rocks have been used extensively to infer intensity of weathering and nature of the source rocks (Taylor and McLennan 1985; Bhatia and Crook 1986; Feng and Kerrich 1990; Cullers 1994; Madhavaraju and Lee 2010; Armstrong-Altrin et al. 2013; Madhavaraju 2015; Madhavaraju et al. 2016a Madhavaraju et al. , b, 2017 Tobia and Shangola 2016) .
The estuarine sediment core study is important because it bears the continuous sediment record and provides chronological order and sea level changes over a long period. In Responsible Editor: John S. Armstrong-Altrin addition, it is useful to infer pollution records and paleoclimate of the source region (Forstner and Salomons 1980; Fedo et al. 1 9 9 6 ; N e s b i t t e t a l . 1 9 9 6 ; N a g a s u n d a r a m a n d Achyuthan,2014; Keshav and Achyuthan 2015) . In this study, major oxides geochemistry and radio carbon dating were undertaken on the core samples collected from the Yedayanthittu Estuary of Marakkanam mangrove sediments. The purpose of the present study is to identify the age of the sediments and to infer source area weathering and provenance signature.
Study area
Kaliveli Tank is a semi-permanent, fresh to brackish water lagoon which empties into the sea through a narrow channel connecting the tank with the Yedayanthittu Estuary to the northeast.
Kaliveli lagoon lies in Tindivanam Taluk of Villupuram District (Fig. 1) . The entire Kaliveli lagoon lies west of Pondichery to Chennai, East Coast Road. The lagoon is in between 79°45′ and 79°55″ longitude and in between 12°and 12°10′ latitude.
The tank lies adjacent to Bay of Bengal along the East Coast. The estuary has large areas of intertidal mudflats; however, only tiny relicts of the once extensive mangrove forests now remain. There are some 500 ha of saltpans alongside the estuary immediately to the north of the Marakkanam road bridge across the channel from Kaliveli Tank. Until as recently as about 25 years ago, the entire region was heavily forested, but almost all of the forest has been cleared, and the tank and estuary are now surrounded by cultivation and scrubby thorn woodland. There are some low sand dunes by the channel linking the tank to the estuary. The Kaliveli watershed extends from Auroville Plateau south for about 30 km and has an area of approximately 25,000 ha. Tropical monsoon climate prevails with an average annual rainfall of 1200 mm. Mean temperatures range from 28°C in winter to 39°C in summer. The study area is surrounded by igneous rocks covering a span of geological time extending from 500 to 3500 m.y. They display variations in lithology, structure, and tectonics from place to place. The major lithologies of the study area includes granite, granitic gneiss, and charnockite with intrusion of dolerite dyke and pegmatite. 
Materials and methods
Two sediment cores (135 cm, 126 cm cores at a water depth of 1 m) were collected from the study area using gravity corer. The core samples were subsampled at 3 cm interval and stored in polyethylene bags. Special care was taken to avoid leakage of fine-grained materials during retrieval of sub samples. The core samples were dried at an average temperature of 60°C. The 89 sub-sampled sediments (46 from MKNM-C1 and 43 from MKNM-C2) were analyzed for sediment texture following the method proposed by Ingram (1970) . Calcium carbonate (CaCO 3 ) analysis was performed on 89 sediment samples (46 from MKNM-C1 and 43 from MKNM-C2) as suggested by Loring and Rantala (1992) . Organic carbon (OC) was determined on 89 sub-sampled sediments (46 from MKNM-C1 and 43 from MKNM-C2) by titration method (Gaudette et al. 1974) . Forty-four samples (23 samples from MKNM-C1 and 21 from MKNM-C2) were selected for major oxides geochemistry. Each collected samples were powdered in an agate motar, and fused-glass beads were prepared for major element analysis. Major oxides composition was obtained by X-ray fluorescence in fused LiBO 2 /Li 2 B 4 O 7 disks using a Siemens SRS-3000 X-ray fluorescence spectrometer with an Rh-anode X-ray tube as a radiation source. Major oxides were analyzed at Instituto de Geología, Universidad Nacional Autónoma de México, México. JGB1 (GSJ) geochemical standard was used to determine data quality (Table 1) . The analytical precision errors were better than ± 2% for SiO 2 , Fe 2 O 3 , CaO, and TiO 2 (0.8%, 0.6%, 1.4%, 1.3, respectively) and better than ± 6% for Al 2 O 3 , MgO, Na 2 O, K 2 O, MnO, and P 2 O 5 (3.4%, 2.5%, 5.0%, 4.0%, 5.2%, 3.6%, respectively). One gram of sample was heated to 1000°C in porcelain crucibles for 1 h to measure the loss on ignition (LOI). Two organic rich subsamples from the MKNM C1 core (0-30 cm and 105-135 cm) were selected for radiocarbon dating, Two bulk samples of~300 g each were used for radiocarbon dating obtained the analytical procedures are described in detail elsewhere (Soares 2005; Soares and Dias 2006, 2007) . The residual material for each sample was then extracted with 2% HCl at 60°C for 4 h, washed with distilled water until neutral pH was reached, at (Pessenda et al. 2010 (Pessenda et al. , 2012 . The organic matter from the sediment was analyzed by Accelerator Mass Spectrometry (AMS), Birbal Sahni Instutite of Palaeobotany, Lucknow, India. Radiocarbon ages 14 C ages were calculated in accordance with the definitions recommended by Stuiver and Polach (1977) .
Results

Textural parameters
Textural data of MKNM-C1 and MKNM-C2 cores are given in Table 2 . Textural studies of the core samples are considered as a reliable tool to understand the depositional conditions. The MKNM-C1 core has 49.7% of sand, 46.8% of silt, and 3.5% of clay on average, whereas MKNM-C2 core has 45.9% of sand, 41.2% of silt, and 12.9% of clay on average. The MKNM-C1 core (Fig. 2 ) has a total length of 135 cm, and lithological changes observed are as follows: silty sand (0-75 cm), sandy silt (75-120 cm), and silty sand (120-135 cm) ( Fig. 3) . The MKNM-C2 core (Fig.2 ) has a total length of 126 cm, with lithologies vary in following order: the upper part of the core shows silty sand (0-63 cm), middle part of the core exhibits sandy silt (63-114 cm), and bottom of the core reveals silty sand (114-126 cm) lithologies ( Fig. 3 ).
Calcium carbonate and organic matter
The calcium carbonate concentration (MKNM-C1) ranges from 5 to 19%, with a mean value of 10.39% in MKNM-C1 core, whereas it vary between 1.5 and 15% with an average of 6.65% in MKNM-C2 core. The major sources of carbonate materials for the sediments in the estuary are skeletal fragments and calcareous tests of organisms. Organic matter content ranges from 0.22 to 1.84% (ave. 1.11%) and 0.08 to 3.99% (ave. 1.93%) in MKNM-C1, MKNM-C2, respectively (Table 2) .
Radiocarbon dating
In the present study, two sediment subsamples were selected from different depths in MKNM-C1 core for conventional Code Textural Class Code Textural Class S Sand D-I Extremely silty slightly sandy mud A-I Slightly silty sand D-II Very silty slightly sandy mud A-II Slightly clayey sand D-III Silty slightly sandy mud B-I Very silty sand D-IV Clayey slightly sandy mud B-II Silty sand D-V Very clayey slightly sandy mud B-III Clayey sand D-VI Extremely clayey slightly sandy mud B-IV Very clayey sand E-I Silt C-I Extremely silty sandy mud E-II Slightly clayey silt C-II Very silty sandy mud E-III Clayey silt C-III Silty sandy mud E-IV Silty clay C-IV Clayey sandy mud E-V Slightly silty clay C-V Very clayey sandy mud E-VI Clay C-VI Extremely clayey sandy mud (Flemming 2000) radiocarbon dating. The radiocarbon age determined for the sediments at depth 0-30 cm is 2940 BP ± 160 yr; from 105 to 135 cm, it is 8350 BP ± 350 yr, following Stuiver et al. (2010) and Stuiver and Reimer (1993) . The computed sedimentation rate at a depth of 0-30 cm is 0.01 cm/y −1 , and for 105-135 cm is 0.02 cm/y −1 . Radiocarbon age of the core is 8350 ± 350 yrs. BP extending up to Early Holocene period and the calculated average sedimentation rate is 0.015 cm/y −1 . The radiocarbon data revealed repeated transgression and regression that have shaped the present coastal configuration since Early Holocene. The 14 C dates and Holocene sea level curve favor a gradual and slow sea level rise in the study area ( Fig. 4 ).
Major oxides
The major oxide distribution of MKNM Core-1 and 2 sediments is given in Tables 3 and 4 respectively. In the core MKNM-C1, SiO 2 ranges from 67.33 to 83.88%, with an average of 75.0%. In MKNM-C2 core, SiO 2 vary between 58.27 and 82.73%, with an average of 71.6%. For the MKNM-C1 core, the Al 2 O 3 concentrations ranges from 7.20 to 14.18% with an average of 10.9%, whereas it vary from 6.46 to 18.02% with an average of 11.8% for MKNM-C2 core. The concentration of Fe 2 O 3 in MKNM-C1 core ranges from 1.27 to 4.70% with an average of 3.09% and MKNM-C2 core vary between 1.32 and 6.58% with an average of 3.62%. Fe 2 O 3 concentration is less in the upper part of the MKNM-C2 core (1.94 to 3.58%) whereas higher concentrations are noticed in the lower part of the core (84-99 cm and 108-117 cm). The diagenetic enrichment of Fe 2 O 3 occurs mainly at the lower depth because of their higher stability of Fe oxyhydroxides under mildly reducing conditions and the faster oxidation kinetics of Fe 2+ (Zwolsman et al. 1996) .
MgO ranges from 0.63 to 2.06% with an average of 1.41% in MKNM-C1 core, whereas it varied from 0.73 to 2.95% with an average of 1.73% in MKNM-C2 core. CaO concentration in MKNM-C1 core ranging from 1.64 to 2.93% with an average of 2.23%, whereas CaO ranges from 1.63 to 4.19% with an average of 2.71% in MKNM-C2 core. Na 2 O concentration lies between 1.35 and 2.14% and 1.97 and 2.30% in MKNM-C1 and MKNM-C2, respectively. K 2 O in MKNM-C1 ranges from 1.60 to 2.23% with an average of 1.87%. Likewise, K 2 O in MKNM-C2 varies from 1.24 to 2.03% with an average of 1.65%. The variation is TiO2 concentration in both MKNM-C1 and MKNM-C2 cores is small (0.51 to 0.73%, 0.45 to 0.83%, respectively). Overall, low concentrations of MnO and P 2 O 5 are noticed in both MKNM-Cl and MKNM-C2 cores (Tables 3 and 4) .
On log(Fe 2 O 3 /K 2 O) vs log(SiO 2 /Al 2 O 3 ) geochemical classification diagram (Herron, 1988) (Fig. 5) , the MKNM-C1 core samples plot in the wacke, litharenite, and arkose fields, whereas the MKNM-C2 core samples plot in the shale, wacke, litharenite, and arkose fields. The K 2 O/Al 2 O 3 ratios of the siliciclastic rocks can be used as an indicator of the original composition of ancient sediments because the K 2 O/Al 2 O 3 ratio for clay minerals and feldspars are different. K 2 O/Al 2 O 3 ratios for clay minerals range from 0.0 to 0.3 and for feldspars range between 0.3 and 0.9 . In the present study, the K 2 O/Al 2 O 3 ratio of MKNM-C1 and MKNM-C2 cores varies as follows: 0.15 to 0.24, 0.11 to 0.19, respectively. These values suggest that the MKNM-C2 core samples contain considerable amount of clay materials than MKNM-C1 core samples.
In 
Discussion
Sediment characteristics
The core (MKNM-C1&C2) sediments are characterized by silty sand followed by sandy silt pointing out the existence of a shelter/ calm depositional environment with occasional disturbance by waves/tides. Calcium carbonate from the shelf sediments are often derived as carbonate materials and particulate matter from adjacent landmass and through inorganic and organic precipitation from the water column form the estuarine sediments (Sundararajan and Natesan 2010) . The major sources of carbonate in the sediments are shell fragments of organisms. A good amount of organic matter is supplied by river run off and minor volume of organic debris drains from the overlying water column. An abundant supply of organic matter in water column results relatively at rapid rate of accumulation of fine grained inorganic matter of the sediments. The depleted organic matter perhaps could be due to decomposition over production. Fine-grained lithologies of silt and clay enhanced absorption and incorporation of organic materials of varied sources (Selvaraj et al. 2003) . However, the oxygenated environment that prevailed at the site has aided decomposition of part of the organic matter which resulted in depletion of OM.
Source area weathering
As the degree of chemical weathering is a function of climate and rates of tectonic uplift (Wronkiewicz and Condie 1987) , the raising chemical weathering intensity suggests the decrease in tectonic activity and/or the change of climate towards warm and humid conditions which are more favorable to chemical weathering in the source region (Jacobson et al. 2003) . Chemical weathering strongly affects the major element geochemistry and mineralogy of siliciclastic sediments where larger cations like Al 2 O 3 remain fixed in the weathering profile than smaller cations such as Na and Ca Young 1982, 1984; McLennan et al. 1993; Fedo et al. 1995 Fedo et al. , 1996 . Weathering indices are mostly used to interpret the weathering conditions of both modern and ancient sediments/ sedimentary rocks (Tripathi and Rajmani 1999; Eisenhauer et al. 1999; Gao et al. 1999; Armstrong-Altrin et al. 2004 Madhavaraju and Lee 2010; Madhavaraju 2015; Zaid 2015; Ramachandran et al. 2016; Madhavaraju et al. 2016a Madhavaraju et al. , b, 2017 and evaluation of soil fertility and development (Delvaux et al. 1989; Price and Velbel 2003) . The most widely used chemical index to ascertain the degree of source area weathering is the Chemical Index of Alteration (CIA) proposed by Nesbitt and Young (1982) based on the calculation in terms of molecular proportion: CIA = [Al 2 O 3 /(Al 2 O 3 + CaO* + Na 2 O + K 2 O)] × 100 where CaO* represents CaO values in silicate fraction only. In the present study, the method proposed by McLennan (1993) has been adopted to calculate the CaO*, in which CaO values are accepted only if Cao < Na 2 O; when CaO > Na 2 O, it is assumed that the content of CaO equals to that of Na 2 O. CIA values of MKNK-C1 core range from 48 to 65 (Table 3) and MKNM-C2 core vary between 50 and 77 (Table 4) . CIA values range from 50 to 60 point out weak weathering, whereas CIA values ranging from 60 to 80 show moderate weathering and 80 to 100 reflect intense weathering. A CIA value of 100 indicates the end point of chemical weathering where all the alkali and alkaline earth elements are completely removed from the weathered sediment and the mineral compositions trending towards kaolinite or gibbsite. In the present study, the CIA values in both MKNM-C1&C2 cores reveal low to moderate intensity of Herron (1988) chemical weathering in the source area. The degree of the chemical weathering can also be estimated using the Plagioclase Index of Alteration (Fedo et al. 1995) and is calculated according to the following equation in molecular proportions: PIA = 100 × (Al 2 O 3 − K 2 O) / (Al 2 O 3 + CaO* + Na 2 O − K 2 O) where CaO* is the CaO residing only in the silicate fraction. High PIA values (> 80) reveal intense chemical weathering while lower values (~50) is characteristic of unweathered or fresh rock. The PIA values of estuarine sediments range between 48 and 70 with a mean of 61 for MKNM-C1, wheras PIA values of MKNM-C2 samples ranges from 50 to 83 with an average of 66.
The CIA values for MKNM-C1 and MKNM-C2 are plotted in the Al 2 O 3 − (CaO* + Na 2 O) − K 2 O (A-CN-K) diagram to understand the variations in compositional changes that occurred due to chemical weathering and/or source rock composition (Fedo et al. 1995) . MKNM-C1 and MKNM-C2 samples plot as a linear trend in the A-CN-K diagram and plot parallel to A-CN line (Fig. 7) . The straight line through the core samples passes through granodiorite and met at feldsparjoin line. On A-CN-K diagram, MKNM-C1 and MKNM-C2 samples have typical weathering pattern indicating a steady state weathering conditions that resulted due to low to moderate intensity of weathering conditions and slow rate of erosion over time, indicating the stability in the source region (Nesbitt et al. 1997; Lee 2009 ). The weathering intensity and composition of siliciclastic rocks is largely controlled by climate and tectonism. Tectonically, active source region generally have low intensity of chemical weathering and high rate of erosion (Nesbitt et al. 1997) . For example, the sediments eroded from Himalaya and Taiwan show high rate of sedimentation (3-7 mm/yr) due to tectonism (France-Lanord and Derry 1997; Dadson et al. 2004 ). The radio carbon ages of the estuarine samples from Marakkanam area show low rate of sedimentation (0.01-0.02 cm/yr). The low to moderate weathering conditions in the sandy-silt and silty-sand lithologies were resulted due to steady state weathering conditions with fluctuations in average precipitation and moisture contents in the source region.
The Index of Chemical Variability (ICV) can be used to evaluate the geochemical variability due to hydraulic sorting . The maturity of the sedimentary rocks is calculated using the ICV values: ICV = (CaO + Na 2 O + Fe 2 O 3 + MgO + MnO + TiO 2 ) / Al 2 O 3 ), which has been applied successfully in many studies (Armstrong-Altrin et al. 2014; Garzanti et al. 2014 Taylor and McLennan (1985) amphiboles, and pyroxene) generally show ICV values of > 1, while the alteration products such as clay minerals (kaolinite and illite) show values of < 1 Cullers 2000 
Provenance
The chemical composition of clastic sediments is a function of a complex interplay of variables, including the source rock compositions, the extent of weathering, transportation and diagenesis (Taylor and McLennan 1985; Bhatia and Crook 1986; Madhavaraju and Lee 2010; Wani and Mondal 2010; Madhavaraju 2015; Armstrong-Altrin et al. 2016; Madhavaraju et al. 2016a Madhavaraju et al. , 2017 . Al and Ti are considered G r a n i t e + b a s a l t G r a n o d i o r i t e G r a n i t e Fig. 9 Provenance discriminant function plot for sediments from MKNM-C1 and MKNM-C2 cores as immobile during weathering of source rocks and fluvial transportation (Stumm and Morgan 1981; Yamamoto et al. 1986; Sugitani et al. 1996) . Hence, the Al 2 O 3 and TiO 2 contents in the sediments and sedimentary rocks can be considered as a pristine geochemical signature for their source (McLennan et al. 1983; Taylor and McLennan 1985; Garcia et al. 1994) . Al 2 O 3 /TiO 2 varies between 3 and 8 in mafic rocks, 8 and 21 in intermediate rocks and 21 and 70 in felsic rocks (Hayashi et al. 1997) . Al 2 O 3 /TiO 2 ratio of sediments from MKNM-C1 ranging from 13 to 20, whereas it vary between 14 and 24 for MKNM-C2 samples (Tables 3 and 4 ). Al 2 O 3 /TiO 2 ratio indicate that the MKNM-C1 sediments derived mainly from intermediate source rocks, whereas the chemical composition of MKNM-C2 sediments reveal that these sediments originate from intermediate to felsic source rocks. In addition, Al 2 O 3 vs TiO 2 bivariate diagram is useful to discriminate source rock types (Schieber 1992 ). On Al 2 O 3 vs TiO 2 diagram sediments from both MKNM C1 and C2 cores plot in the granite and granodiorite fields (Fig. 8 ). Roser and Korsch (1988) proposed discriminant function diagram based on major oxides, which discriminate mafic, intermediate, felsic, and quartzose recycled provenance fields. On this diagram (Fig. 9 ), the sediments from MKNM-C1 and C2 plot in the recycled quartzose compositional field. This indicates that the core sediments were derived mainly from recycled felsic source rocks.
Conclusion
The Yedayanthittu core sediments are largely fine sand, followed by silt and clay reflecting a feeble fluctuating but dominantly a calm energy condition at the depositional sites. Calcium carbonate and organic matter have significant variations in the studied core samples. The high percentage of calcium carbonate in the sediments is due to the shell fragments and also due to the variation in sediment texture. Organic matter content is pertained to the adsorption and incorporation process and derived through river runoff as well as from local mangrove humus. Radiocarbon age of the core is 8350 ± 350 yr BP extending up to Early Holocene period and the calculated average sedimentation rate is 0.015 cm/y −1 . The CIA and PIA values and A-CN-K diagram suggest low to moderate weathering conditions in the source area. Al 2 O 3 /TiO 2 ratio, Al 2 O 3 vs TiO 2 bivariate plot and discriminant function diagram indicate that the study area received sediments from felsic source rocks.
